A Gram-stain-negative, strictly aerobic, cream-coloured, motile, chemoheterotrophic, rod-shaped bacterium, designated strain KMU-32 T , was isolated from seawater at Najeong Beach in Korea. Phylogenetic analysis based on the 16S rRNA gene sequence revealed that the novel isolate was affiliated with the family Rhodobacteraceae of the class Alphaproteobacteria and that it showed highest sequence similarity (98.2 %) to Cribrihabitans neustonicus CC-AMHB-3 T . The DNA-DNA relatedness value between strain KMU-32 T and C. neustonicus CC-AMHB-3 T was 48.5 ± 4 %. The DNA G+C content of strain KMU-32 T was determined to be 63.7 mol%.
A Gram-stain-negative, strictly aerobic, cream-coloured, motile, chemoheterotrophic, rod-shaped bacterium, designated strain KMU-32 T , was isolated from seawater at Najeong Beach in Korea. Phylogenetic analysis based on the 16S rRNA gene sequence revealed that the novel isolate was affiliated with the family Rhodobacteraceae of the class Alphaproteobacteria and that it showed highest sequence similarity (98.2 %) to Cribrihabitans neustonicus CC-AMHB-3 T . The DNA-DNA relatedness value between strain KMU-32 T and C. neustonicus CC-AMHB-3 T was 48.5 ± 4 %. The DNA G+C content of strain KMU-32 T was determined to be 63.7 mol%.
Ubiquinone 10 (Q-10) was the sole respiratory quinone. The predominant cellular fatty acid was C 18 : 1 !7c. Strain KMU-32 T had diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid and an unidentified lipid as polar lipids. From the distinct phylogenetic position and combination of genotypic and phenotypic characteristics, strain KMU-32 T is considered to represent a novel species of the genus Cribrihabitans, for which the name Cribrihabitans pelagius sp. nov. is proposed. The type strain is KMU-32 T (= KCTC 42981 T = NBRC 111834 T ).
Species of the family Rhodobacteraceae within the class Alphaproteobacteria (Garrity et al., 2005) have most often been isolated from a wide range of marine environments (Iwaki et al., 2013; Park et al., 2014; Zhang et al. 2015; Wang et al., 2016) . At the time of writing, the family comprises 105 genera with validly published names (http:// www.bacterio.net/rhodobacteraceae.html). Among them, the genus Cribrihabitans was first proposed by Chen et al. (2014) and the description was emended by Hameed et al. (2014) . Currently, the genus Cribrihabitans includes the two marine species Cribrihabitans marinus CZ-AM5 T (Chen et al., 2014) and Cribrihabitans neustonicus CC-AMHB-3 T (Hameed et al., 2014) , which were isolated from an aerated biological filter in a marine recirculating aquaculture system and coastal surface seawater, respectively.
In this study, we characterized a marine Cribrihabitans strain, T , isolated from seawater by using polyphasic taxonomic methods, including 16S rRNA gene sequence analysis, and physiological, biochemical and chemotaxonomic analyses. Based on data from this polyphasic taxonomic study, we suggest that the isolate represents a novel species of the genus Cribrihabitans in the family Rhodobacteraceae within the class Alphaproteobacteria.
The seawater sample was collected at Najeong Beach, Gyeongsangbuk-do, Republic of Korea, in August 2015 by using a 500 ml sterile polyethylene bottle. Fifty microlitres of the sample was plated onto 1/10 strength marine agar 2216 (Difco). Several colonies that developed at 25 C were picked and restreaked onto new 1/10 strength marine agar 2216 plates, and the procedure was repeated twice. A colony with a cream colour was picked up as being representative of several similar colonies, named KMU-32 T , and was used for further investigation. For comparative purposes, C. marinus JCM 19401 T and C. neustonicus JCM 19537 T were used.
Strain KMU-32 T and the reference strains were routinely subcultured on marine agar 2216 at 30 C and maintained in marine broth 2216 (Difco) supplemented with 20 % (v/v) glycerol at À70 C.
Cell morphology was observed by using transmission electron microscopy and motility was measured by phase contrast microscopy (Primo Star; Zeiss). For the observation of flagella or pili, cells were grown on marine agar 2216 at 30 C for 3 days, negatively stained with 1 % (w/v) uranyl acetate and examined using a model CM-20 transmission electron microscope (Philips). The temperature range (4, 10, 15, 20, 25, 30, 37, 40 and 45 C) and pH range (5.5-9.5 using increments of 0.5 pH units) for growth were determined by incubating the isolate for 2 weeks on marine agar 2216. The following buffers (0.1 M) were used for pH tests: MES (pH 5.5 and 6.0), ACES (pH 6.5 and 7.0), TAPSO (pH 7.5 and 8.0), TAPS (pH 8.5) and CHES (pH 9.0 and 9.5). The NaCl concentration range for growth was determined on TY broth medium [0.2 % tryptone and 0.1 % yeast extract with 0-10 % (w/v) NaCl] at 30
C. Anaerobic growth was tested for up to 2 weeks on marine agar 2216 in a jar containing AnaeroPack-Anaero (Mitsubishi Gas Chemical), which works as an O 2 absorber and CO 2 generator. Catalase activity was detected by the observation of the formation of bubbles in 3 % (v/v) H 2 O 2 solution. An oxidase activity test was performed using commercial dropper oxidase reagent (Becton, Dickinson) . Degradation of DNA was tested using DNase agar (Scharlau Chemie) (Collins & Lyne, 1984) , with DNase activity detected by flooding plates with 1 M HCl. The ability to hydrolyse casein, Tween 20, Tween 80 and tyrosine was determined according to the method of Hansen & Sørheim (1991) . API 20E, API 50CH and API ZYM strips (bioM erieux) were used to determine the physiological and biochemical properties according to the instructions of the manufacturer. Flexirubin-type pigments were investigated by using the bathochromatic shift test with a 20 % (w/v) KOH solution (Bernardet et al., 2002) .
Genomic DNA was prepared according to the method of Marmur (1961) from cells grown on marine agar 2216 and the DNA base composition was determined by using the HPLC method of Mesbah et al. (1989) . Reciprocal genomic DNA G+C content was calculated in triplicate.
An approximately 1500 bp long fragment of the 16S rRNA gene was amplified from the extracted DNA by using bacterial universal primers specific to the 16S rRNA gene: 27F and 1492R (Escherichia coli numbering system; Weisburg et al., 1991) . To ascertain the phylogenetic position of the novel isolate, the 16S rRNA gene sequence of strain T was compared with sequences obtained from GenBank/EMBL/ DDBJ. The EzTaxon-e database (Kim et al., 2012) was used to identify closely related taxa. Multiple alignments of the sequences were performed using CLUSTAL X (version 1.83) (Thompson et al., 1997) . Alignment gaps and ambiguous bases were not taken into consideration when 1268 bases of the 16S rRNA gene were compared. Evolutionary distances (distance options according to Kimura's two-parameter model; Kimura, 1983) were calculated and clustering was performed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1985) methods using MEGA5 software (Tamura et al., 2011) . Bootstrap analysis was used to evaluate the tree topology of the neighbour-joining data by performing 1000 resamplings (Felsenstein, 1985) . Bootstrap analysis was done with 1000 replicates (Felsenstein, 1985) .
Genomic DNA for DNA-DNA relatedness tests was extracted by using the Wizard Genomic DNA Purification Kit (Promega) following the manufacturer's instructions. DNA-DNA hybridization was performed by the membrane filter method (Suzuki et al., 1981) . Each mixture of labelled and unlabelled DNAs was incubated at 37 C for 12 h. Reciprocal hybridization tests were performed in triplicate.
GC analysis of the cellular fatty acid methyl esters was performed by using an Agilent 6890 gas chromatograph (Agilent Technologies). Strain KMU-32 T was cultured on marine agar 2216 at 30 C for 3 days and fatty acid methyl esters were extracted and prepared according to standard protocols provided by the MIDI with the TSBA database version 6.1 (Sasser, 1990) . Polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . They were identified by two-dimensional TLC followed by spraying with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Phospholipids were detected with the Zinzadze reagent of Dittmer & Lester (1964) . Whole lipid profiles were detected by spraying with molybdatophosphoric acid (5 g molybdatophosphoric acid hydrate in 100 ml ethanol) followed by heating at 150 C (Worliczek et al., 2007) . Determination of the respiratory quinone system was carried out as described previously (Collins & Jones, 1981) .
Cells of strain KMU-32
T were straight rods 0.7-0.8 µm in width and 1.8-2.0 µm in length, motile by means of three or four polar flagella ( Fig. 1) and produced a cream pigment. Flexirubin-type pigments were not produced.
Strain KMU-32 T could be distinguished from closely related members in the genus Cribrihabitans by the following major features: cell size, temperature range for growth, highest NaCl tolerance, acid production, enzyme activity and polar lipid profile (Table 1) .
The almost-complete 16S rRNA gene sequence was determined for strain T (GenBank/EMBL/DDBJ accession number LC101916). An evolutionary tree based on the neighbour-joining method generated a comparison of the 16S rRNA gene sequences and showed that strain KMU-32 T was phylogenetically affiliated with species of Cribrihabitans, a genus belonging to the family Rhodobacteraceae (Fig. 2) . Comparative analysis of 16S rRNA gene sequences revealed that the sequence of strain KMU-32
T had a similarity of 98.2 % to that of C. neustonicus CC-AMHB-3 T and 96.0 % to that of C. marinus CZ-AM5
T .
The DNA-DNA hybridization value between strain KMU-32 T and C. neustonicus CC-AMHB-3 T was 48.5 ± 4 %. This value is below the threshold accepted for the phylogenetic definition of a novel prokaryotic species (Stackebrandt & Goebel, 1994) . These results suggest strongly that strain KMU-32 T could be classified as a separate species. Thus, on the basis of the genotypic data presented, we believe that strain KMU-32 T should be considered as representative of a novel species of the genus Cribrihabitans within the family Rhodobacteraceae. Table 2 , the predominant (>10 %) cellular fatty acid of strain KMU-32 T was C 18 : 1 !7c (73.9 %), similar to other members of the genus Cribrihabitans as identified by the MIDI system. On the basis of the fatty acid composition, however, strain KMU-32 T could be differentiated from the phylogenetically closely related taxa C. neustonicus CC-AMHB-3 T and C. marinus CZ-AM5
As shown in
T by the different amounts of C 10 : 0 3-OH, C 12 : 0 , C 16 : 0 and C 18 : 1 !7c 11-methyl ( Table 2 ).
The polar lipids of strain T were determined to be diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid and an unidentified lipid (Table 1 and Fig. S1 , available in the online Supplementary Material). These components distinguished strain T from other species in the genus Cribrihabitans by the absence of an unidentified phospholipid. Amygdalin The sole respiratory quinone detected in strain KMU-32 T was ubiquinone 10 (Q-10), which is in line with that of C. marinus CZ-AM5 T and C. neustonicus CC-AMHB-3 T .
From the distinct phylogenetic position and combinations of genotypic and phenotypic characteristics, strain KMU-32 T cannot be assigned to any previously recognized species in the genus Cribrihabitans and thus can be described as representing a novel species, Cribrihabitans pelagius sp. nov.
Description of Cribrihabitans pelagius sp. nov.
Cribrihabitans pelagius (pe.la'gi.us. L. masc. adj. pelagius of the sea, marine).
Cells are strictly aerobic rods that are 0.7-0.8 µm wide and 1.8-2.0 µm long and motile by means of three or four polar flagella. Colonies grown on marine agar 2216 are circular and cream-pigmented after 3 days of incubation at 30 C. The temperature range for growth is 25-37 C; the optimal temperature is around 30 C but no growth occurs at 4 or 45 C. The pH range for growth is 6.0-9.0 (optimum, pH 7.0), while no growth is observed below pH 5.5 or above pH 9.5. NaCl is required for growth and can be tolerated at a concentration of up to 6 % (w/v) but no growth occurs above 7 % (w/v) NaCl (optimum, 3 %). Nitrate is not reduced. Gelatin and urea are hydrolysed but agar, casein, DNA, starch, tyrosine, Tween 20 and Tween 80 are not. The reactions for ONPG, arginine dihydrolase, citrate utilization and Voges-Proskauer tests are positive but hydrogen sulfide production, indole production, lysine decarboxylase and ornithine decarboxylase activities are
Phaeobacter arcticus 20188 T (DQ514304)
Phaeobacter leonis 306 T (HE661585)
Phaeobacter inhibens DSM 16374 T (AY177712)
Roseobacter gallaeciensis BS107 T (Y13244)
Leisingera methylohalidivorans MB2 T (AY005463)

Ruegeria algicola T-FF3 T (X78315)
Phaeobacter caeruleus LMG 24369 T (AM943630)
Phaeobacter aquaemixtae SSK6-1 T (KF554505)
Phaeobacter daeponensis TF-218 T (DQ981486)
Ruegeria gelatinovorans ATCC 25655 T (D88523)
Ruegeria faecimaris HD-28 T (GU057915)
Ruegeria scottomollicae LMG 24367 T (AM905330)
Ruegeria mobilis NBRC 101030 T (AB255401)
Ruegeria atlantica NBRC 15792 T (AB255399)
Ruegeria arenilitoris G-M8 T (JQ807219)
Ruegeria lacuscaerulensis ITI-1157 T (U77644)
Ruegeria conchae TW15 T (HQ171439)
Ruegeria meonggei MA-E2-3 T (KF740534)
Ruegeria halocynthiae MA1-6 T (HQ852038)
Ruegeria pomeroyi DSS-3 T (CP000031)
Ruegeria intermedia CC-GIMAT-2 T (FR832879)
Cribrihabitans pelagius KMU-32 T (LC101916)
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Cribrihabitans marinus CZ-AM5 T (JX306766) inulin, glycerol, erythritol, adonitol, dulcitol, inositol, mannitol, xylitol, D-arabitol, gluconate and 2-keto-gluconate (API 50CH). Esterase (C4), esterase lipase (C8), leucine arylamidase and naphthol-AS-BI-phosphohydrolase are present but alkaline phosphatase, valine arylamidase, acid phosphatase, trypsin, bgalactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-galactosidase, lipase (C4), cystine arylamidase, a-chymotrypsin, b-glucuronidase, a-mannosidase and afucosidase are absent (API ZYM). The major fatty acid is C 18:1 !7c. The polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine, an unidentified aminolipid and an unidentified lipid. Ubiquinone 10 (Q-10) is the sole respiratory quinone.
The type strain is T (= KCTC 42981 T = NBRC 111834 T ), which was isolated from a seawater sample collected at Najeong Beach, Gyeongsangbuk-do, Republic of Korea. The G+C of the genomic DNA of the type strain is 63.7 mol%. 
